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The role of RAC1 in development of the zebrafish olfactory bulb
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Proper wiring of the vertebrate brain requires that axons and
dendrites grow and elaborate into specific projections, resulting in
characteristic cell shapes that allow synaptic partners to appropri-
ately connect. Through experiments in model organisms, much is
known about the extracellular molecular cues, and their receptors
expressed by neurons, that guide axons to their appropriate targets.
What is less well understood is the molecular coupling between axon
guidance receptors and the cytoskeletal regulatory apparati. Further-
more, where does the functional specificity lie? Is it the receptor,
coupling, or cytosckeletal regulator that determines the functional
outcome of axon growth and guidance? Relatively recent work has
identified some prototypical regulatory molecules that feed directly
into the cytoskeletal machinery for specific differentiation processes.
For example, the Par3–Par6–αPKC complex is known to be important
for establishing neuronal polarity. The Rho family of GTPases,
including Rho, Rac, and Cdc42, are known to regulate the elongation,
growth, and guidance of neurites. Also, the Ena/VASP family of actin
regulators is known to be important for controlling the structure and
motility of the growth cone — the motile end of a growing neurite.
We have previously characterized a method that combines in vivo
electroporation with Gal4-based transgenic zebrafish lines that can
be used to specifically target developing neurons of the olfactory
bulb. In addition to spatial targeting of GFP expression for the
characterization of cell morphology, this technique allows us to
incorporate a loss-of-function reagent at a specific stage in neural
development, giving us temporal control of the knockdown. Here we
use this approach to characterize the axon projection of mitral cells in
the olfactory bulb, and then target the function of the Rac1 GTPase
using a dominant negative expression plasmid (T17N). We find that
Rac1 is necessary for proper formation of the mitral cell axon
projection.
doi:10.1016/j.ydbio.2011.05.282
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The precise wiring of the nervous system depends on complex
molecular cues to guide axons toward synaptic targets. Recent studies
suggest that glypicans, a class of heparan-sulfate proteoglycan, interact
with a variety of signaling molecules including some that may act in
axon guidance. Glypicans are removed from the cell surface by the
secreted enzyme Notum. The role of Notum in axon guidance has not
been investigated. Our laboratory has identified three homologues of
Notum in zebrafish, each with a distinct, non-overlapping expression
pattern. Expression of notum 2 (nom2) is restricted to the Muscle
Pioneers (MPs), cells that serve as intermediate targets for primary
motor neurons (PMNs). To test the hypothesis that Nom2 plays a role in
PMN axon guidance, we analyzed motor axons following Nom2
knockdown and overexpression. Following elimination of Nom2, we
did not observe changes in the MP specification. PMN axons in these
embryos failed to migrate beyond the level of the MPs, indicating that
expression of Nom2 by these cells is necessary to properly guide axons
through the intermediate targets. This phenotype was rescued by
transplanting wildtype MPs into Nom2-deficient hosts, confirming the
specificity of the obtained results. Following mosaic overexpression of
Nom2, we observed strong branching in PMN axons adjacent to Nom2-
positive cells, showing that Nom2 can actively participate in guiding
axons toward their final targets. Currently, we are conducting epistatic
analysis with glypicans expressed by motor neurons and muscles to
determine the Nom2 target. Altogether, these data provide compelling
evidence for a novel mechanism of Notum-mediated axon guidance.
doi:10.1016/j.ydbio.2011.05.283
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diencephalic astroglia associated with the postoptic commissure
during forebrain development in zebrafish
Rachael Steina, Sarah Bashiruddinb, Kristin Alligoodb,
Michael Parsonsc, Michael Barresi b
aSmith College, Northampton, MA, USA
bNorthampton, MA, USA
cBaltimore, MD, USA
In the developing embryonic brain, axons are guided across the
midline by contact attractants and repellants to form commissures. The
postoptic commissure (POC) of the diencephalon is the first forming
commissure in the zebrafish brain. During pathfinding, these POC axons
closely contact a population of glial fibrillary acidic protein (Gfap)
positive astroglia covering the midline. We hypothesize
that diencephalic astroglia prefigure POC formation by serving as an
instructive growth substrate to support axonal growth across
the midline. To determine the necessity of Gfap+ astroglia in POC
formation, we generated a gfap:nfsB-mCherry transgenic line to
temporally regulate ablation of Gfap+ cells in treatment with the
prodrug Metronidazole. Preliminary data indicate apoptosis of Gfap+
cells and associated axon scaffold errors by 52 h of development. Our
findings suggest astroglia may help maintain axonal pathways. We are
now testing if early ablation disrupts initial pathfinding. Unfortunately,
little is known about the cellular and molecular identities of the Gfap+
astroglia. Using forebrain targeted transplantation of gfap:eGfp and
olig2:eGfp transgenic cells into wild type embryos, we have identified 4
astroglial populations surrounding POC axons which possess radial glial
or mesenchymal morphologies. We have also distinguished 3 molecu-
larly distinct diencephalic sub-domains through zebrafish radial fiber
(Zrf) 1–4 antibody labeling. Additionally, we are characterizing our glial
morphologies based on differential Zrf immunoreactivity. Our results
support a model inwhich distinct populations of diencephalic glial cells
play key roles in the guidance and maintenance of axonal pathways
during development of the CNS.
doi:10.1016/j.ydbio.2011.05.284
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The complete and non-overlapping coverage of the body by the
peripheral axons of somatosensory neurons is themost efficientway for
the brain to receive information. Sensory neurons are responsible for
sensing touch and pressure. Dscam is a transmembrane protein that
controls repulsive interactions between both isoneuronal and hetero-
neuronal axon branches, resulting in self-avoidance and tiling, respec-
tively, of the neurons that innervate the skin of Drosophila and the
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retinas of mice. [1][3] Tiling is the mechanism by which neighboring
neuronsmaintain their spatial separation. [3] The objective of this study
was to determine whether Dscam-Like (Dscam-L), a member of the
DSCAM familymore specifically expressed inperipheral neurons, has an
effect on the isoneuroal interactions of these axons. To investigate the
role of Dscam-L in theneuronsof zebrafish, confocal images ofwild-type
zebrafish Rohon-Beard somatosensory neurons were compared to
neurons that expressed a clone of the Dscam-L protein that does not
contain the cytoplasmic domain. The results of this experiment have the
potential to provide insight into how the nervous system becomes
organized during development.
doi:10.1016/j.ydbio.2011.05.285
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Goosecoid (Gsc) was the first organizer-specific gene cloned in
Xenopus laevis. Ventral injections induced secondary axis formation
with high frequency. The Gsc knockout mouse, however, revealed no
gastrulation defects. To study Gsc in the mouse by gain-of-function,
Gsc was conditionally misexpressed under the control of an enhancer
driving Brachyury expression in the streak. Mid-gestation embryos
displayed neural tube closure defects (NTD) upon mild misexpres-
sion. Massive misexpression compromized notochord formation and
dorsal extension. In order to investigate whether this result was a
mouse-specific effect, we misexpressed Gsc protein from an inducible
Gsc-GR construct in Xenopus. Dorsal injections induced NTDs at very
high frequency when Gsc was activated before and during gastrula-
tion. As NTDs were reminiscent of phenotypes induced upon inter-
ference with the planar call polarity (PCP)-pathway, we hypothesized
that Gsc might act as a transcriptional regulator of PCP. Therefore,
downstream components of PCP were assayed for their potential to
rescue Gsc-induced NTD. Indeed, the three components analysed so
far, constitutively active RhoA, strabism and prickle all were able to
partially revert Gsc phenotypes with high statistical significance. In
addition, Brachyury and Wnt11 were transcriptionally down-regu-
lated by Gsc. Moreover, overexpression of Gsc compromised
membrane recruitment of dsh in mesodermally differentiated animal
caps. In Gsc morphants convergent extension of cartilage cells was
disturbed. In summary, our gain- and loss-of-function experiments in
mouse and frog suggest a novel role for Gsc as a negative regulator of
PCP-mediated convergent extension.
doi:10.1016/j.ydbio.2011.05.286
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Hypoxia-inducible factors (HIFs) are key regulators of gene
expression in response to hypoxia and are involved in several
processes, including angiogenesis, vasculogenesis, heart and central
nervous system development. In vitro assays have showed that HIF-1
is an upstream regulator of Snail in cancer cells. In this study we have
used zebrafish and Xenopus embryos to assay the role of Hif-1alpha
during neural crest cells (NCC) development. Our results show that
Hif-1alpha loss of function leads to severe defects in neural crest
migration, without affecting neural crest induction. Early neural crest
markers, such as foxd3 and ap2 in zebrafish and Snail2 in Xenopus,
are not affected by Hif-1alpha antisense morpholinos, whereas the
same treatment blocks neural crest migration. Furthermore, the for-
mation of several neural crest derivatives, such as pharyngeal car-
tilage and cranial ganglia, is severally impaired in Hif-1alpha depleted
embryos. Finally, these neural crest defects in morphant embryos can
be rescued by co-injection of hif-1 alpha or snail1b mRNAs, indicating
the specificity of the treatment and suggesting that Hif-1alpha could
be an upstream regulator of snail1b during NCC migration in vivo.
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